Abstract Background: Degenerative and iatrogenic conditions may lead to flat back or even to kyphotic deformity, and sagittal imbalance can cause significant clinical impairment. Minor imbalance cases are usually treated with conservative care. Among currently popular surgical techniques for the correction of sagittal imbalance are posteriorbased procedures, which are associated with access-related risks (mostly neurological) and postoperative morbidity risks.
Introduction
Life expectancy is increasing worldwide, and in the population >60 years of age, degenerative arthritis of the spine is increasingly prevalent. The degeneration of the intervertebral discs with collapse of disc height leads to a loss of the normal sagittal curves and a straighter profile which is not biomechanically efficient [31] . Lower lumbar lordosis plays important clinical and radiological roles in sagittal alignment and balance [14] . The main cause of sagittal imbalance in the degenerative lumbar spine is the loss of lumbar lordosis. Also, there is strong correlation between sagittal plane changes and adjacent segment degeneration following lumbar spine fusion [9, 37] .
Posterior-based procedures have been described in the literature for the surgical management of primary sagittal plane deformity [4-6, 8, 16, 31, 34] . These osteotomies that aim to correct kyphosis by posterior spine shortening carry a high risk for complications including permanent neuro-logic damage, massive bleeding, deep infection, and even fatality [4, 12, 31, 38] .
Minimally invasive lateral interbody fusion (LIF) has been reported to provide satisfactory results for the treatment of disc-based conditions such as discogenic pain [2, 3, 24, 32] , stenosis [3, 11, 17, 25] , adjacentlevel disease [2, 3] , degenerative scoliosis [1-3, 10, 13, 23] , spondylolisthesis [17, 27, 32] , and corpectomy [3, 33] , even for elderly [15, 30] or obese patients [29] . It has been demonstrated that minimally invasive LIF can provide correction in the sagittal plane [3, 28, 33, 36, 39] .
The primary goal of this study was to determine the power of lordotic intervertebral lateral cages to correct sagittal plane alignment and spinopelvic parameters. Secondly, we aimed to determine if the lateral access is clinically effective and safe for elderly sagittal imbalanced patients. Finally, we aimed to determine limitations and points that may be addressed in future practice in this field. This information can be used to introduce a controversy and further discuss and apply anterior elongation as an alternative for correcting thoracic and lumbar curves.
Patients and Methods
This retrospective case series presents the short-term results of nine consecutive patients treated by LIF for disability due to sagittal imbalance with or without disc disease. Relative contraindications to the posterior approach were previous posterior spine surgery, >65 years of age, and presence of comorbidities (coronary heart disease, renal failure, diabetes, and infection history). Eight patients were enrolled between August 2009 and December 2010 (mean age 71.8 years, range 69-80 years; mean BMI 27.5, SD 2.4; all female; Table 1), with treatment for 17 spine levels (4-1, L12-L5, range). Four of the cases developed sagittal imbalance due to degenerative disc disease and the other four due to the development adjacent segment disease following limited spinal fusion or failed back syndrome. Surgical goals were to correct the kyphotic lumbar condition and also to open foraminal spaces, aiming to prevent and treat foraminal stenosis. Minimally invasive lateral access was performed as previously reported [26] with dilators and split-blade retractor (MaXcess, NuVasive, Inc., San Diego, CA, USA) and stimulated and continuous EMG (NeuroVision, NuVasive, Inc., San Diego, CA, USA). Wide discectomies were performed, maintaining anterior longitudinal ligament (ALL) and posterior longitudinal ligament for insertion of the lordotic interbody cages. In these cases, 22-mm-wide (anteroposterior) polyetheretherketone cages, which lay on the vertebral body lateral apophyseal ring, were utilized. The cages had 20°or 30°o f lordotic angulation ( Fig. 1 ; CoRoent XL, NuVasive, Inc., San Diego, CA, USA). Interbody device sizing was performed intraoperatively for each patient and each level, Clinical evaluations included a physical exam for lower extremity motor and sensory function by a senior spine surgeon (LP), Visual Analog Scale (VAS) for back and leg pain, reported in millimeters, and Oswestry Disability Index (ODI) at the preoperative visit and after 1 and 6 weeks and 3 and 6 months. Follow-up was a minimum of 6 months to a maximum of 24 months.
Student's t test and ANOVA (Analyse-It Software, Ltd., Leeds, England) were used to determine statistically significant changes from preoperative visit to follow-up as appropriate, with a level of significance of 0.05.
Results
Overall, sagittal plane alignment and spinopelvic parameters were significantly changed with anterior elongation with lordotic interbody cages ( Table 2 ; Figs. 2, 3, and 4) . Mean lordosis "built in" to the cages per patient was 45.0°( SD 3.2) per patient, and surgical results showed an average gain of 22.2°(SD 3.2) on lumbar lordosis, an average of 50% regarding cage angulation to real lordosis change. Although normal values were not achieved, substantial reduction (50.0%) on SVA was achieved in the studied group (Figs. 3 and 4) . Additionally, spinopelvic parameters were also significantly changed.
Surgical procedures were completed in only one stage and no intraoperative complication occurred. The mean operative time was 3.5 h, SD 2.12 and mean blood loss was 131.3, SD 92.3. There were no major complications during follow-up. One stand-alone case needed revision at 3 months due to restenosis following severe subsidence. The revision was carried out as a minimally invasive over-the-top decompression. The VAS assessing pain and the ODI scores were improved by the procedure (p<0.01; Table 3 ). An early (1 week) and significant pain relief was further maintained and physical disability gradually decreased.
Intraoperative anterior endplate violation by the cage led to diminished lordosis gain (p=0.024). In 35.3% of treated levels, it was possible to observe that the anterior endplate was slightly damaged during lordotic cage insertion. For spine levels in which this damage did not occur, focal lordosis gain achieved 58% (SD 35%) of cage angulation, while for the levels with anterior endplate violation, only 23% (SD 12%) of cage angulation was realized.
Discussion
Normal sagittal balance of the spine can be altered by naturally occurring changes associated with age [18] , occurs also due to iatrogenic changes [14, [19] [20] [21] , and is more prevalent in ig. 3. Adjacent segment disease (case no. 3). Preoperative and 6 months lateral X-ray images. Lines evidence lordosis gain and reduction in sagittal vertical alignment value elderly population. Traditional surgical correction is based on posterior osteotomies [7] , an option which exposes patients to important risks and morbidity. In this report, we presented results on a minimally invasive and low-morbidity treatment for mild sagittal imbalance in elderly population. Using lateral access, hyperlordotic intervertebral cages were able to correct global sagittal alignment of the spine and spinopelvic parameters and provide clinical improvement for patients.
One limitation of the present study is that it was done as a retrospective analysis of consecutive patients who had sagittal imbalance. Also, as a preliminary report on this novel indication for lateral access, it is reported based on a singlecenter experience with a small group after a short follow-up. It should also be emphasized that these patients presented with concurrent degenerative conditions in conjunction to sagittal imbalance, so it can be difficult to distinguish between the direct clinical benefit of arthrodesis and sagittal correction.
In order to compensate for decreased lumbar lordosis, the thoracic curve decreases kyphosis and the pelvis creates a retroversion with decrease of sacral slope [14, 22, 31, 35] . As was shown in the present work and in other studies [14] , spontaneous changes in sacral slope can be achieved following the surgical correction of lumbar lordosis.
In this series, interbody fusion was not performed in combination with the described ALL resection technique. With the ALL intact, it was more difficult to achieve anterior release and disc space distraction. We believe that this increases the risk of intervertebral cage subsidence into the endplate during cage insertion, leading to a loss of potential sagittal correction. Preliminary data from our group on recent cases have shown that ALL rupture may provide better distraction of anterior disc height with better correction of the lordosis. As previously shown in a radiological study [25] , the disc height distraction and indirect decompression can be partially lost due to cage subsidence. In that study, nonlordotic cages were analyzed and they seemed to subside equally in their anterior and posterior portions. In the present study, it was observed in some cases that lordotic cages seemed to subside anteriorly, resulting in a parallel, instead of a lordotic, distraction of the index level, with posterior disc height being maintained.
Regarding the surgical correction, it was possible to observe a frequent pattern in the procedures reported here: lordosis gain was 50% of total cage angle. So, by accessing three lumbar levels with a total cage angle of 60°, without ALL resection, we typically achieved an average of 30°c orrection. In the case series reported here, lordotic cages (mean 45°, range 40-70°) resulted in an average lordosis gain of 22.2°in a mean of 2.2 treated lumbar levels, 10.3°p er level, higher than the 2.8°per level previously reported with nonlordotic cages [32] . Polysegmental wedge osteotomies usually obtain 10-15° [8, 34] and Smith-Petersen osteotomy adds 10°of lordosis per level, but if a substantial correction is achieved, it is necessary to extend the procedure anteriorly to obtain stable constructs [6] .
As reviewed by Roussouly and Nnadi [31] , posterior shortening through spinal osteotomies remains a complex procedure, but it cannot be substituted for by anterior-only approach in major deformities with fixed posterior construction in disease such as ankylosing spondylitis. Patients who have sagittal imbalance usually are elderly, have surgical limitations, possess comorbidities, have previous surgeries, and/or may present major risks at the perioperative period. It must be remembered that even the lateral approach has its related risks as anterior thigh pain, dysesthesias, motor weakness (potentially permanent), vascular injury, segmental artery injury, and subsidence [27] . These procedures must be advocated, keeping in mind risk-effectiveness. To improve risk, existing comorbidities must be optimized prior to surgery. In addition to posing the question "How much correction is needed to relieve disability," the surgeon must ask "How much correction can be tolerated by the patient." We believe that minimally invasive anterior construction may provide an answer to these challenges. This preliminary report suggests that our technique of minimally invasive lateral fusion may be a safe and risk-effective technique for treating sagittal imbalance.
